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ON THE INACTIVATION OF STREPTOMYCLN BY ATP-K*
AND SOME ELECTRCNIC ASPECTS OF THIS ACTION

,following is & translatlon of an artlele oy
Mme Andree Goudot and Michel Paguel, of the
Bacteriophage Service of the Pasteur Insti-
tute, presentad at the 20 May 1963 meeting of
the French Academy of Sciences and publisheld

in the French-langu..ge periodical Comptes
r%ng%g %e_i‘ e des Sclerces (Reports
of the Academy o 1ences;, BoI 255, 1963,
pages 5220-5223, under the subject heading
of Biochemistry,/

AN

7 The adfition of ATP-éI':J to a culture medium
coitaining streptomysin in inaibitory dose per-
nits the owth of cgccus aureus and of
%e%i:;ohga goll. % o%oc%i%nic interpretation

) 8 action 1s given.

~
~

We nhal] describe more in detall, in an article not
yot published (this article is to eppear in 1963 ir AQELQ_
%%01 » the experiments that showed that

ition of -K* t0 complex culture mediums contain-
ing suffioient amounts of streptomycin to blcok the growth
of a staphylocooans or of & colibacillus, allowed these two
gerus, one of them gram-positive, the other ome granm-nege-
tive, to continue their growth,

. We 3hall only say here that, in these «xperiments,
sll our cultures wvere made in water containing 3% peptone
(peptone 5C) and 0.3€ glucose. Their wth curves vere
recorded automatically by a M.E.C.I, electronic microblo-

a A Ay 18l
1ADSe oelectricity ¢o cter
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Growth/, preface by J. Trefouel, Paris: Hermsn et Cie.,
1941, No 898) and the varlations in the growth rate of
these cultures were determined by studylng these cwrves,

In this artiole, we shall study more specificsally
some theoretic aspects of this actlon.

Iheoretic Resujts. Streptomycin 1s composed of three cycles:
N-methyl=glucosamine, streptose and streptidine., The N=-
nethylglucosamine and the streptidine are joined %fo the
#treptose by some quite lablle bonds HoC...0...CH.

In the presence of ATP-XK*, in additlon to the decomp-
¢3ltion of the streptomyoln there is phosphorylation of one
or of ssveral of the oycles that compose it. Since the
growth of the oculture resumes, it is likely that one of the
phosphorrlated cyoles aets. as a metabolite, in one of the
Bynthesea necessary for the formation of the bacteria. 'Je
made, using eleotrunic ochemistry, & theoretic study of the
phosphorylation of each of the eycles bound to the streptose,
in the presence of ATP-K' in the culture medium, We used
the molecular orbitales method, in an L.C.A.0. approximatim.

le %ﬁ*—ﬂ. A caiculation of the
oharges (PFig, 2) shows most pcsitive peak is the
one found in the streptomyein bound to the streptose, before
1ts disaoclstion, This peak is the one oocoupled by the C
atom (+0.95) which has the best possibility ot bsing joined
by an electroatetlic bond to O (-0.94) of the phosphate growp.
Then we have the following reaction in the cduliure medium:

K+
Streptomycin + ATP amp N-methylgluocosamine-PP +
AMP + strsptomycin residue

Is 1t possidble that N-methrlglucosanine-FP plays the
part of a metabolite in the growih of bacteria?t The x{olutl
of experiments have shovn us that the action of ATP-K was
stronger, in equal caoncentratlcns, for the stapbylocooous
than for the colibacillus. Staphylococol, gram-positive
bacteria, have cnly & szall nunbexr of amino &oids in the!r

:vnm'mc which con an anino-sugar; euranioc acid (M.
- J. Salton *}.gpqﬁg Sell New Yerk: J. Wiley
1960, pp 25-57 . 8 muramio ao :l forms a metabolite :rit.h

the aid of urldin-S-pyrophosphate and N-ecetylglucosamine,
It 18 also found in grem-negative bmoterla, but in a much
spaller amsunt.




This metabolite participates in the synthesis of
peptides in the membrane of bacterla. Now, thls synthesis
takes place on the N-acetylglucosamine cycle. Thersfore,
N-acetylglucosamine is the active component of the metab-
¢lite and it must be assumed, then, that the N-methylglu~

cosamine cyecle of streptomyoln ls what reesiablilshes growth
arter its phosphorylation by ATP-K*,

\
G
‘M [+0,7,NH=Cl~CHy
R-CHE"CH-C.C

PQDIEG!

Figure 1

-p=-
L N

| !
H CMy—NM—-cemX
+0,3%)

Figure 2

The oaloulatian of the distributiom of oharges due
t? the mobile electrons on the muraxlc acid atoms gives the
most positive peax C (+0.95) aa united to ths uridineS5-
1hosphate. This peak corresponds to the C (+0.98) peak of
uhe R-methylglucosamine of the streptomycin (Figs. | and 2).
“hese two cycles are united, therefore, dy the same peak to
ths uridin-S-vacsphate at the time of the synthesls of the
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metabolite necessary for the formatlon of the bacterial mem-
btrene.

In addition, .this game calculation shows that in
muranlc acsid the peak at which the synthesis of the peptides
is the one that has the O (-0.82), that is to say, the one
that has the highest negative ocharge. The same ocmsloulation
performed on the N-methylglucosamine of ths streptomyein
shows that the peak oacupied by O (=0.92) is the one that
has the highest ne?tive charge and that it coi~esponds by
1ts position to O {-0.82) of the muramic acid, as may be
. seen in Figures ' and 2,

2. 1 -ATP-X"s Tals sycle that ls Jolned
to the stireptose in the streptomycin has two peakg to which
a guanidine /sloc; probably should read "gxa.nine:} group isx
joined,

E'. Without doubt, these goanidine groups are the
onss used in the E. ggl] bacterium for forematlon of
purine again at the time of treatmemt with streptomycin (H.
Roth, H., Amos and B, D, Davis, Bloohesum. Bloyvhw. Agis, 37,
1960, p 398). Then these purines, produced i1n excess and
not utilized, are rejected along with K+,

They undsrgo phosphorylation ? Xg presence of ATP=-

« What hypotheses oan be drawn up according to
reaults of the experiments and of the calculations pro~-
4ueced dy the theoretic study? It may be deduced that the
E-methylglucosanine oycle 1s the one that comes intcs actlom,
after phospharylation, to permit the growth of the basteria.
Streptonysin releases, in the presence of ATP-I', a methyl-
gluoos «PP that permit Tin the synthesis of a mur-
amic ao0id that is almtly modified in ita ohexmical struc-
ture dut that perforus, psvertheless. the aynthesls of the
peptides in the same locatlon, The membrand of the Agughter
bacteria then probably has an aaino-suga™ in vhioch a mathyl
group repiuces the acet)yl group of the muranlc acld.

In the sbeence of ATP-X', the peak that should be
phosphorylated remains directly united with the streptoee.

Therefore, streptozmycin acts as an antimetabolite in
the synthesis of muremio acid snd, decause of this, inhibits
the formation of the bacterial msmbtrane, vhence its inhibi-
tory power on growth,

‘"his faot might explain the necassity of the presence
of streptomycin Tor the growth of ecértain motants that should
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have N-methylglucosamine in thelr membrane, Steptomyein
probably provides a metabolite for this mutant,

When the dlssociation of N-methylglucosamine occurs
in the oulture mesdlum by means of phosphorylation, there is
a formation of nev membranes and no penetration of sirepti-
dine. On the other hand, if this phosphorylation takes
place in the bacterium after penet-ation of the streptoxyein,
there is sction by the streptidine which alters the metad-
olimm of the purines which, since they are not produced

where synthesis of RNA occurs, prevents the formation of RNA,
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